The role of charm in testing the Standard Model description of quark mixing and CP violation through measurements of lifetimes, decay constants and semileptonic form factors is reviewed. Together with Lattice QCD, charm has the potential this decade to maximize the sensitivity of the entire flavor physics program to new physics. and pave the way for understanding physics beyond the Standard Model at the LHC in the coming decade. The status of indirect searches for physics beyond the Standard Model through charm mixing, CP -violation and rare decays is also reported.
Prospects under the assumption that LQCD calculations of B system decay constants and semileptonic form factors achieve the the precision projected in Table 9 .
matrix elements. Recent advances in LQCD have produced calculations of nonperturbative quantities such as f π , f K , and heavy quarkonia mass splittings that agree with experiment 2) . Several per cent precision in charm and beauty decay constants and form factors is hoped for, but the path to higher precision is hampered by the absence of accurate charm data against which to test lattice techniques. This is beginning to change with the BES II run at the ψ(3770), and the start of data taking at the charm and QCD factory CESR-c/CLEO-c 3) . Later in the decade BES III at the new double ring accelerator BEPC-II will also turn on 4) . CLEO-c is in the process of obtaining charm data samples one to two orders of magnitude larger than any previous experiment, and the BES III data set is expected to be ∼ ×20 larger than CLEO-c. These data sets have the potential to provide unique and crucial tests of LQCD, and other QCD technologies such as QCD sum rules and chiral theory, with accuracies of 1-2%.
If LQCD passes the charm factory tests, we will have much greater confidence in lattice calculations of decay constants and semileptonic form factors in B physics. When these calculations are combined with 500 fb −1 of B factory data, and improvement in the direct measurement of |V tb | at the Tevatron 5) , they will allow a significant reduction in the size of the errors on |V ub |, |V cb |, |V td | and |V ts |, quantitatively and qualitatively transforming knowledge of the B d unitarity triangle, see Fig. 1 (b), and thereby maximizing the sensitivity of heavy quark physics to new physics.
Equally important, LQCD combined with charm data allows a significant advance in understanding and control over strongly-coupled, non-perturbative quantum field theories in general. Field theory is generic, weak coupling is not. Two of the three known interactions are strongly coupled: QCD and gravity (string theory). Understanding strongly coupled theories may be a crucial to interpret new phenomena at the high energy frontier.
Decay Constants
The B d (B s ) meson mixing probability can be used to determine |V td | (|V ts |).
The B d mixing rate is measured with exquisite precision (1%) 6) but the decay constant is calculated with a precision of about 10-15%. If theoretical precision could be improved to 3%, the error on |V td | would be about 5%.
Since LQCD hopes to predict f B /f D + with a small error, measuring f D + would allow a precision prediction for f B . Hence a precision extraction of |V td | from the B d mixing rate becomes possible. Similar considerations apply to B s mixing now it has been observed i.e. a precise determination of f D + s would allow a precision prediction for f Bs and consequently a precision measurement of |V ts |. Finally the ratio of the two neutral B meson mixing rates determines |V td |/|V ts |, but |V ts | = |V cb | by unitarity and |V cb | is known to a few per cent, and so the ratio again determines V td . Which method of determining |V td | will have the greater utility depends on which combination of hadronic matrix elements have the smallest error.
Charm leptonic decays measure the charm decay constants f D + s and f D + because |V cs | and |V cd | are known from unitarity to 0.1% and 1% respectively.
B(D
(Charge conjugation is implied throughout this paper.) The measurements are also a precision test of the LQCD. At the start of 2004 f D + was experimentally undetermined and f D + s was known to 33%.
Semileptonic form factors
|V ub | is determined from beauty semileptonic decay
The differential rate depends on a form factor, f + (q 2 ) that parameterizes the strong interaction non-perturbative effects. A representative value of |V ub | determined from B → πℓ −ν e is 7) :
where the uncertainties are experimental statistical and systematic, and from the LQCD calculation of the form factor, respectively. The experimental errors are expected to be reduced to 5% with B factory data samples of 500 fb −1 each, and the theory error will dominate. Again, because the charm CKM matrix elements are known from unitarity, the differential charm semileptonic rate
tests calculations of charm semileptonic form factors. Thus, a precision measurement tests the LQCD calculation of the D → π form factor. As the form factors governing B → πe had been determined to 45% 6, 8) , and the absolute value of the D → π form factor had not been measured. Lifetimes of the charm mesons are interpreted within the framework of the Operator Product Expansion. Within OPE the total decay width can be expressed as a series in 1/m c 9) . Table 1 . The lifetimes can be explained within OPE 9) . To gain a deeper understanding absolute inclusive semileptonic branching ratios of c − hadrons, especially the D + s and charm baryons, which are currently not well known, need to be measured. For charm CKM physics, the most important point to note is that errors on lifetimes are not a limiting factor in the measurement of absolute rates.
Absolute Charm Branching Ratios
We reviewed above the importance of absolute charm leptonic and semileptonic branching ratios. The absolute hadronic branching ratios B(D s branching ratios are determined from ratios to one or the other of these branching fractions 6) . In consequence, nearly all branching fractions in the B and D sectors depend on these reference modes.
Absolute charm branching ratios are poorly known, see Table 2 . The reason is that charm produced at B factories and at the Tevatron or at dedicated fixed target facilities allows relative rate measurements but absolute rate measurements are hard because backgrounds are sizeable, and, crucially, the number of D mesons produced is not easily determined. 
To illustrate one way around this problem consider the clever measurement of B(D 
In the second step
Dividing these B(D s → φπ) = (4.81 ± 0.52 ± 0.38)%
The total error of 12.5%, of which 7.5% is systematic, represents a dramatic improvement on the 25% precision of the PDG value. Further improvement in the measurement of this important quantity is expected at the B factories, although it will be challenging to reduce the systematic error significantly. In principle, a several per cent measurement of B(D s → φπ) is achievable at a charm factory.
BES II and CLEO-c at the ψ(3770)
In 2003 Due to the "Linear Collider design" there is an option to lower the energy to 4 GeV with a modest luminosity penalty of a factor 10. In this mode of operation the super B Factory becomes a super flavour factory. When discussing charm factory results from CLEO-c I will extrapolate to BEPCII/BESIII (my estimates, not official ones) and to super flavour. For the latter I will assume 1 × 10 35 for 10 7 s which is (6.4 × 10 9 DD pairs) at the ψ(3770) exceeding the BEPCII and CESR-c data samples by a factor of 70 and 1,000 respectively.
Analysis Technique
There are decisive advantages to running at charm threshold. As ψ → DD, the technique is to fully reconstruct one D meson in a hadronic final state, the tag, and then to analyze the decay of the second D meson in the event to extract inclusive or exclusive properties. As E beam = E D , the candidate is required to have energy close to the beam energy, and the beam-constrained candidate mass, M D = E 2 beam − p 2 cand , is computed. Charm mesons have many large branching ratios to low multiplicity final states, and so the tagging efficiency is very high, about 25%, compared to much less than 1% for B tagging at a B factory.
Tagging creates a single D meson beam of known momentum. The beam constrained mass for events in which the second D meson is also reconstructed are shown in Fig. 2 . These double tag events, which are key to making absolute branching fraction measurements, are pristine. The absolute branching fraction is given by:
where
is the reconstruction efficiency and N (D − ) is the number of tagged events. In a method similar to that pioneered by Mark III 11, 12) , CLEO fits to the observed single tag and double tag yields for six D + and three D 0 modes 13) . I will only consider the two most important branching fractions here. For D 0 → K − π + the total errors are comparable to previous measurements, see Table 3 . But the true improvement is that the previous most precise measurements from ALEPH 14) and CLEO 15) were based on comparing Consequently, these early measurements had poor signal to noise whereas the CLEO-c measurement has a signal to noise of about 60/1. This is the most precise measurement of B(D Table 4 but the improvement is again much more than statistics. The previous most precise measurement, which was from CLEO 16) , bootstrapped 
B(%)
Error (Source) 3.82 ± 0.07 ± 0.12 3.6% (CLEO 15) ) 3.90 ± 0.09 ± 0.12 3.8% (ALEPH 14) ) 3.80 ± 0.09 2.4% (PDG) 3.91 ± 0.08 ± 0.09 3.1 % (CLEO-c 13) )
so it was not independent of B(D
BES II has performed a similar analysis. These recent measurements are in remarkably good agreement with the PDG averages, indicating that the charm, and hence beauty, decay scales, are approximately correct and are now, finally, on a solid foundation.
The CLEO-c ψ(3770) integrated luminosity goal of 0.75 fb −1 may sound small compared to the more than 500 fb −1 collected by Belle, and the slightly 
Error (Source) 9.3 ± 0.6 ± 0.8 10.8% (CLEO 16) ) 9.1 ± 1.3 ± 0. 4 14.9% (MKIII 17) ) 9.1 ± 0.7 7.7% (PDG) 9.52 ± 0.25 ± 0.27 3.9 % (CLEO-c 13) ) Table 5 : Charm factory hadronic branching ratio measurement expected precision with 0.75fb −1 data samples at the ψ(3770) and above D sDs threshold. The first uncertainty is statistical and the second systematic.
smaller sample by BABAR. However, the ability to perform a tagged analysis is comparable at the two types of factory because the tagging efficiency is at least 25 times larger at a charm factory than at a B factory, and the cross section is about six times larger. Hence,
In consequence the number of events in 100pb −1 with two D mesons reconstructed is about the same as the number of events at 10 GeV with 500fb
with two B mesons reconstructed. Projections for the expected precision with which the reference hadronic branching ratios will be measured with a 0.75fb
data set are given in Table 5 . CLEO-c and, later BES III, will set the scale for all heavy quark measurements. 
Charm Decay Constant
The measurement of the leptonic decay D + → µ + ν µ benefits from the fully tagged D − at the ψ(3770). One observes a single charged track recoiling against the tag that is consistent with a muon of the correct sign. Energetic electromagnetic showers un-associated with the tag are not allowed. The missing mass M M 2 = m 2 ν is computed; it peaks at zero for a decay where only a neutrino is unobserved. Fig. 3 shows the M M 2 distribution from CLEO-c 18) .
There are 50 candidate signal events, and 2.81 ± 0.3
+0.84
−0.22 background events. After correcting for efficiency, CLEO-c finds
where the uncertainties are statistical and systematic, respectively. Under the assumption of three generation unitarity, and using the precisely known D + lifetime, CLEO-c obtains
This is the most precise measurement of f D + 18) . The result appeared at Lepton-Photon 2005 just two days after the first unquenched lattice QCD cal-
The U = E miss − P miss distribution in events with aD 0 tag, a positron, and a single charged track of the correct sign. The peaks at zero and 0.13 GeV correspond to
culation 19) had predicted:
The combined experimental error is 8% while the LQCD error is also 8% 19) .
The results are in good agreement but errors are still large. The only other positive observation of this decay is by BES II who found three candidate events with a background of 0.25 events in their 33pb −1 data sample. They find a branching ratio of (0.122 which is well matched to the ultimate precision of the LQCD calculations.
Measurement of the Charm Semileptonic Form Factors
The measurement of semileptonic decay absolute branching ratios and absolute form factors is also based on the use of tagged events. The analysis procedure, Table 6 : Selected CLEO-c charm semileptonic branching ratio measurements in % and a comparison to the PDG.
+ ν e 6.7 ± 0.9 8.71 ± 0.38 ± 0.37
+ ν e as an example is as follows. A positron and a hadronic track are identified recoiling against the tag. The quantity U = E miss − P miss is calculated, where E miss and P miss are the missing energy and missing momentum in the event. For a tagged event with a semileptonic decay E miss and P miss are the components of the four-momentum of the neutrino. U peaks at zero if only a neutrino is missing. The U distribution in 56 pb − 1 of CLEO-c data is shown in Fig. 4 where a clean signal of about 100 events is observed for D → πe + ν e with S/N 20/1 21) . In previous analyses at B Factories and fixed target experiments the background was usally larger than the signal see for example 22) . The kinematic power of running at threshold also allows previously unobserved modes such as D 0 → ρ − e + ν e to be easily identified 21) . BES II have performed similar analyses 23) 24) and results are in good agreement with CLEO-c. Selected CLEO-c absolute semileptonic branching ratio measurements are compared to PDG values in Table 6 . This modest data sample has already produced several important measurements. The ratio of Γ(D 
where the first error is statistical and the second systematic. The CLEO0-c result, and a less precise result from BES II, are consistent with unity thereby solving a long standing puzzle.
As the charm CKM matrix elements are known from unitarity, the absolute differential charm semileptonic rate
tests calculations of charm semileptonic form factor q 2 dependence and form factor magnitude. A precision absolute branching fraction measurement also tests the magnitude of the form factor if an assumption is made about the functional form of the q 2 dependence. Recently there have been several beautiful measurements of the form factor shape in D → Kℓ + ν ℓ and D → πℓ + ν ℓ by CLEO, FOCUS, Belle, and BABAR. By reconstructing two D mesons in e + e − → cc events at 10 GeV Belle are able to make an absolute measurement and so a determination of the form factor magnitude as well. CLEO-c promise results soon. In a pseudoscalar to pseudoscalar transition the differential rate is proportional to the third power of the daughter hadron momentum due to the P-wave nature of the decay. The p 3 term dominates the differential rate. The form factor parameterizes the additional q 2 dependence of the semileptonic amplitude arising from non-perturbative QCD. The form factor is largest at
max where the daughter hadron is stationary in the rest frame of the D meson and decreases by about a factor of two at q 2 = 0. Since most of the rate is at q 2 = 0 it is traditional to normalize the form factor at q 2 = 0, however it is simpler to calculate the form factor at q 2 = q 2 max where the rate vanishes as we at the edge of phase space.
Several choices for the functional form of f + (q 2 ) have been proposed. The simple pole model is a form predicted by vector meson dominance also called nearest pole dominance 25) , in which exchange is dominated by the lowest lying vector meson (the spectroscopic pole) with the quantum numbers of the c → s transition.
Where
At lower values of q 2 the spectrum has contributions from higher poles, and to account for this the modified pole or BK parametrization was proposed 26)
Here α parameterizes the contributions of all additional poles combined, and m pole remains the spectroscopic pole. The q 2 spectrum in D → Kℓν ℓ can be described by the pole model within experimental resolution, but the pole mass needed to do so is far from the spectroscopic pole. The B-K parametrization describes the data for D → Kℓν ℓ within the experimental precision and also provides a way to parameterize the lattice calculations. A comparison of a lattice prediction for α to data is shown for FOCUS and BABAR data in Figure 6 . The precision of the prediction and the measurements are at the 10% level. Agreement is good, although the errors are still large. The FOCUS, BABAR and Belle measurements check the shape of the form factor. The normalization can be checked by either fitting to the differential rate to obtain f + (0)V cx or from the absolute branching fraction, in both cases using unitarity and the D meson lifetime. A comparison of absolute branching fraction measurements and the LQCD prediction is shown in Figure 7 . Here while the measurement has recently become much more precise, the precision of the prediction lags experiment significantly. Agreement is reasonable, although the theory errors are in urgent need of being reduced. The combination of large statistics, and excellent kinematics will enable the absolute magnitudes and shapes of the form factors in every charm semileptonic decay to be measured, in many cases to a precision of a few per cent. This is a stringent test of LQCD. By taking ratios of semileptonic and leptonic rates, CKM factors can be eliminated. Two such ratios are
These ratios depend purely on hadronic matrix elements and can be determined to 8% and so will test amplitudes at the 4% level. This is an exceptionally stringent test of LQCD. If LQCD passes the experimental tests outlined above it will be possible to use the LQCD calculation of the B → π form factor with increased confidence e . BaBar and Belle will also be able to compare the LQCD prediction of the shape of the B → π form factor to data as an additional cross check.
Successfully passing the experimental tests allows the charm factories to use LQCD calculations of the charm semileptonic form factors to directly measure |V cd | and |V cs |. 
V cd has previously been determined from neutrino production of di-muons off of nucleons, and V cs has been determined from W → cs transitions at LEP to be 6) |V cs | = 0.976 ± 0.014 of data the CLEO-c precision is expected to be respectively:
Where δΓ/Γ is the uncertainty in the partial rate from theory. This in turn allows new unitarity tests of the CKM matrix. For example, the second row of the CKM matrix can be tested at the few % level. With the current measurements I find:
which is consistent with unitarity, with an uncertainty dominated by the LQCD charm semileptonic form factor magnitude The measurements also allow the first column of the CKM matrix to be tested with similar precision to the first row (which is currently the most stringent test of CKM unitarity); finally, the ratio of the long sides of the uc unitarity triangle will be tested to a few percent. Table 9 provides a summary of projections for the precision with which the CKM matrix elements will be determined if LQCD passes the charm factory tests in the D system. In the tabulation the current precision of the CKM matrix elements is obtained by considering methods applicable to LQCD, for example the determination of |V cb | and |V ub | from inclusive decays and OPE is not included. The projections are made assuming B factory data samples of 500 fb −1 and improvement in the direct measurement of |V tb | expected from the Tevatron experiments 5) .
The bottom line
How can we be sure that if LQCD works for D mesons it will work for B mesons? Or, equivalently, is charm factory data sufficient to demonstrate that lattice systematic errors are under control? There are a number of reasons to answer this question in the affirmative. (1) There are two independent effective field theories: NRQCD and the Fermilab method. (2) The CLEOc, and later BESIII, data provide many independent tests in the D system; leptonic decay rates, and semileptonic modes with rate and shape information. (3) The B factory data provide additional independent cross checks such as dΓ(B → πℓν)/dp π . (4) Unlike models, methods used for the D/B system can be tested in heavy onia with measurements of masses, and mass splittings, Γ ee and electromagnetic transitions. , and when CP violation was observed in B → Kπ 38) the lattice was not able to contribute. There is a pressing need to move beyond the limited set of easy to calculate quantities in the next few years: for example resonances such as ρ, φ and K * may be difficult to treat on the lattice, but they feature in many important D semileptonic decays which will be well measured by the charm factories. There is also a need to be able to calculate for states near threshold such as ψ(2S) and D s (0) + , and hadronic weak decays in the B and D systems as well.
New physics searches with charm
In the early part of the 20th Century table top nuclear β decay experiments conducted at the MeV mass scale probed the W at the 100 GeV mass scale.
In an analogous way can we find violations of the Standard Model by studying low energy processes? The existence of multiple fermion generations appears to originate at very high mass scales and so can only be studied indirectly. Mixing, CP violation, and rare decays may investigate the new physics at these scales through intermediate particles entering loops. Why is charm a good place to look? In the charm sector, the SM contributions to these effects are small, in other words, a background free search for new physics is possible (see caveats below). Typically D 0 −D 0 mixing O(< 10 −2 ), CP asymmetry O(< 10 −3 ) and rare decays O(< 10 −6 ). In addition, charm is a unique probe of the up-type quark sector (down quarks in the loop). The sensitivity of searches for new physics in charm depends on high statistics rather than high energy.
Charm Mixing
Mixing has been a fertile ground for discoveries. The neutral kaon mixing amplitude occurs at the same order as the kaon decay width ∝ |V us | 2 and so the mixing rate is of order unity. The mixing rate, which vanishes in the SU(4) symmetry limit, was measured in 1958, was used to bound the charm quark mass, 16 years before the discovery of charm. The CP violating part of K (3) limit, and so the rate for D mixing in the SM is the product of Cabibbo suppression and an SU(3) breaking term, the latter being extremely difficult to estimate 39)
In consequence, SM predictions span the range bounded by the experimental upper limit of 1% and the short distance box diagram rate of O(10 Neutral meson mixing is characterized by two dimensionless parameters
where ∆m = m 1 − m 2 is the mass difference and ∆Γ = Γ 1 − Γ 2 is the width difference between the two neutral D meson CP eigenstates, and Γ is the average width. If mixing occurs either x or y or both are non-zero. The lifetime difference y is constructed from the decays of a D into physical states, and so it is expected to be dominated by SM contributions. In addition to the tiny SM contribution, the mass difference, x, is sensitive to new particles in the box diagram loop. Thus, new physics can significantly modify x, leading to x >> y. This signature for new physics is lost, however, if a relatively large y of O(1%) is observed 46) . As CP violating effects in mixing in the SM must involve the third quark generation, and since the bottom quark contribution to the box diagram is highly suppressed, ∝ V cb V * ub , the observation of CP violating effects in D mixing would be an unambiguous signal of new physics.
Mixing, and CP -violation in mixing, can be searched for in a variety of ways. Measurements of y are summarized in Table 10 and are reviewed in 44) 43) 45) . The world average is
In the limit of CP -conservation y CP = y. The 95% C.L. range of y is the horizontal band in Figure 8 . Searching for D mixing in semileptonic decays is straightforward as there is an unambiguous signal that mixing has occurred:
The flavor of the D meson at birth is tagged by the sign of the pion from the D * , the flavor at decay is tagged by the sign of the lepton. The time evolution of a neutral D meson depends on the type of state into which it decays, and it is particularly straightforward for semileptonic final states.
where t is the proper time of the D 0 decay, and the approximation is valid in the limit of small mixing rates. The time integrated mixing rate relative to the unmixed rate is
The rate depends quadratically on x and y and does not provide a way to differentiate between them. Table 11 is a compilation of results. The 95% CL limit on R mix , a circular region centered on (x = 0, y = 0) is displayed in Figure 8 . Another way to search for D mixing is in the hadronic decay
This method is sensitive to a linear function of x 2 and y, and can differentiate between them. The most restrictive mixing constraints come from this mode. The unmixed signal is the Cabibbo favored (CF)
Interference between the CF and DCS decays, which is linear in y ′ , gives rise to the power of the method. The
proper decay time distribution is fit to distinguish between DCS and the mixing signal. For |x|, |y| ≪ 1 and negligible CP -violation, the decay time distribution
where R D is the ratio of DCS to CF decay rates. In principle, there is a strong phase difference, δ Kπ , between the CF and DCS amplitudes which rotates x and y to x ′ and y ′ . To search for CP -violation one determines R D , x ′ and y ′ separately for D 0 andD 0 . Most recent analyses have been made both with and without requiring CP conservation. Table 12 is a compilation of results. 
cannot be mimicked by one D undergoing a DCS decay. Combining with semileptonic decays to increase sensitivity, a 0.75/fb (15/fb) sample reaches x < 1.7% (x < 0.4%). A more sophisticated approach: The Quantum Correlated Analysis (TQCA) makes a combined fit to single and double flavor and CP tag yields, which are a function of B i , x 2 , y, δ i . TQCA is estimated to achieve a sensitivity for 0.75/fb (10/fb, 1,000/fb) of x < 2.4% (x < 1.3%, x < 0.1%) and 
− , x − y contours are shown separately for Belle, BABAR, CLEO, and FOCUS. For the former three, the limits allow for CP violation in the decay amplitude, the mixing amplitude, and the interference between these two processes. To place y δ kπ = 0 is assumed. The world average allowed range for y is the horizontal band. If δ kπ = 0 the allowed y region would rotate clockwise about the origin by an angle δ kπ . y < 1.2% (y < 0.3%, y < 0.03%). Purohit showed at this workshop that a B Factory with 10/ab in a D(t) → K − π + analysis reaches x < 1% and Nakada showed that at LHC-b in one year an analysis of D(t) → K 0 ππ reaches a sensitivity of x < 0.4%.
Measurement of the hadronic phase
At the ψ(3770) if a D 0 is observed to decay to a CP eigenstate which is CP even: then in the limit of CP conservation, the state recoiling against the tag has a definite CP as well and it must be of opposite sign, in this case CP odd. Consider the situation where the second D decays to a flavor mode:
which defines two triangles from which cos δ Kπ can be determined. Determining δ Kπ is necessary to rotate x ′ and y ′ measured in D(t) → Kπ − to x and y. The method is limited by the number of CP tags, but can be extended to many modes simultaneously in the TQCA where the sensitivity for 0.75/fb (10 /fb) is cos δ Kπ ± 0.13 (±0.05). Experiments are not yet statistically sensitive to it, and so we will not consider it. (2) CP violation in the interference between mixing and decay. It is time dependent, since mixing is involved but it is also small since D mixing is suppressed. It is a good place to search for new physics, but experiment is only now becoming sensitive enough. (3) Direct CP violation. This occurs when the absolute value of the D decay amplitude to a final state f is not equal to the CP -conjugate amplitude For direct CP -violation to occur, two amplitudes with different weak phases and different strong phases must contribute to the decay process. The expression for the CP asymmetry A CP is
where A i , δ 1 and δ 2 are the moduli of the amplitudes, the weak phase difference and the strong phase differences, respectively. In the SM, direct CP violation in the D meson system occurs for singly Cabibbo suppressed decays such as Alternative search strategies include Dalitz plot analyses that are particularly sensitive since they probe CP -violating phases in the amplitude rather than in the rate, are beginning to be attempted. These can be performed at charm threshold exploiting the quantum coherence and at higher energies. Figure 10 and Table 13 respectively. BES III will reach a sensitivity of few × 10 −7 a super flavour factory at 10 GeV with 50/ab will achieve afew × 10 −9 and if operated at the ψ(3770) also afew × 10 −9 . However the 10 GeV measurement is likely to be compromised by large backgrounds while the ψ(3770) measurement will have little background and so the latter will be far superior, although still four orders of magnitude above the SM rate.
If new physics is present in rare D decays it is likely to be more experimentally accessible in the modes D → Xℓ + ℓ − . In the SM the B(D + → πe + e − ) = 2.0 × 10 −6 . In R-parity violating SUSY the integrated rate increases by only 20%, however the differential dilepton mass distribution is significantly modified compared to the SM at low and high dilepton masses well away from the ρ/ω/φ SM contributions. Several experiments have recently made searches, see New physics searches in the charm sector involving mixing, CP −violation and rare decays have become considerably more sensitive in the past several years, however, all results are null. In charm's role as a natural testing ground for QCD techniques, there has been solid progress. Data at the ψ(3770) from BESII and CLEO-c, and later BESIII, is finally producing a new era of precision absolute charm branching ratios. This is well-matched to developments in theory, especially the lattice, which has a goal to calculate to a few percent precision in the D, B, Υ, and ψ systems. CLEO-c, and later BES III, will provide few per cent precision tests of lattice calculations in the D system and in heavy onia, which will quantify the accuracy for the application of LQCD to the B system. If all goes to plan, BABAR, Belle, CDF, D0, CMS, ATLAS, and LHC-b data, in combination with LQCD will produce a few per cent determinations of |V ub |, |V cb |, |V td |, and |V ts | thereby maximizing the sensitivity of the flavor physics program to new physics beyond the SM this decade and aid understanding beyond the SM physics at the LHC in the coming decade.
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